Arterial lignocaine concentrations were measured in twenty-six. patients who had carotid endarterectomy performed under deep and superficial cervical plexus blockade. A dose of6 mg/kg of 1.5% lignocaine with 1:200,000 adrenaline was used, as well as additional supplementation by the surgeons when required. Concentrations obtained produced a '!lean peak of 5 JIg/ml and were similar to those previously reported from multiple bilateral intercostal blockade, which is the regional technique widely considered to produce the highest systemic levels of local anaesthetic. Apart from one peak concentration of 16.9 JIg /ml, levels were well below the convulsion threshold. We find the technique acceptable and safe for carotid surgery and lignocaine toxicity is not identified as a problem.
measured following cervical plexus blockade,4,5 no such documentation of lignocaine concentrations exists to our knowledge.
MATERIALS AND METHODS
Approval for this study was obtained from the St. Vincent's Hospital Human Research Ethics Committee. Twenty-six sequential patients undergoing carotid endarterectomy were studied. No patient exhibited significant hepatic disease.
Patients were premedicated with intramuscular papaveretum and scopolamine or oral temazepam approximately one hour prior to anaesthesia. Monitoring with continuous ECG (VS), intraarterial blood pressure, and pulse oximetry was commenced on arrival in the anaesthetic room. Additional intravenous midazolam or diazepam was administered in small doses if required, and oxygen was routinely given via a Hudson mask at six litres per minute. All patients remained alert during the performance of the block.
Deep and superficial cervical plexus blockade was performed according to the technique described by Moore. 6 Deep cervical plexus block was performed by location of the transverse processes of C2, C3 and C4 and at each of these levels one-fifth of the total lignocaine dose was injected. Superficial cervical plexus blockade was then achieved by infiltration of two-fifths of the dose along the posterior border of sternomastoid. The total dose of lignocaine given before incision was 6 mg/kg. The surgeon subsequently injected further lignocaine in nineteen patients in whom intraoperative anaesthesia was deemed inadequate and these doses and their timing were noted.
Arterial samples were taken for lignocaine assay prior to the performance of the block (in sixteen out of twenty-eight blocks) and then at times 0, 5, 10, 15, 20, 30, 40, 50, 60, 70, 85, 100 and 120 minutes following completion of the block. (Time 0= completion of block.) During this period the patient was observed for signs of lignocaine -toxicity.
Additional sedation was provided if required by small intravenous doses of midazolam, diazepam, and occasionally fentanyl.
Lignocaine concentrations were measured using Fluorescent Polarisation Immuno-Assay (FPIA) using an Abbott-TDX.7 Cross-reactivity with monoethylglycinexylidide, the major metabolite of lignocaine, is quoted as 4.5% at a concentration of 1 ° Jlg/ml. Sensitivity of the assay, defined as the lowest concentration at which the 95% confidence interval does not include zero, is quoted as 0.1 ° Jlg/ml. Inter-assay coefficient of variation in actual performance was 4.5% at 1.6 Jlg/ml and 2.4% at 8.4 Jlg/ml. 
RESULTS
Twenty-six patients were studied providing twenty-eight sets of results. One patient had both right and left carotid endarterectomies performed seven weeks apart. Another patient returned to theatre for re-exploration following development of arm weakness in the recovery room and received a second block approximately three hours after the initial block. Demographic details are shown in Table 1 . Figure 1 is a plot of the values for all 28 sets of results. The peak concentrations show some variation with most results well below toxic levels. The mean peak concentration was 5.0 Jlg/ml lignocaine. One patient however, achieved a peak concentration of 16.9 Jlg/ml immediately after performance of the block, which is well above what is thought to be the convulsion threshold of 1 ° Jlg/ml. 8 Repeat analysis verified this result.
Subsequent levels in this patient were well below those considered toxic, being 4 Jlg/ml or less. The patient had been slightly restless and complained of vague discomfort during the performance of the block and this was interpreted to be due to paraesthesia. In retrospect, these symptoms were probably indicative of high lignocaine blood levels possibly as a result of direct intravascular injection. No other signs of cerebral or cardiovascular toxicity were observed. Although this patient needed shunting due to a deterioration in conscious state during trial of internal carotid artery crossclamp, it is unlikely that this was related to the earlier transient high lignocaine level.
The patient who received two blocks approximately three hours apart did not have a blood lignocaine concentration done immediately before the second block. However, the peak concentration achieved was 4.8 Ilg/ml at five minutes after the second block, and all other concentrations were 4.5 Ilg/ml or below. Figure 2 shows the results grouped in percentiles, and clearly demonstrates the trend of typical lignocaine absorption from uncomplicated cervical plexus block.
Of the twenty-eight blocks, nineteen were supplemented with infiltration of local anaesthetic by the surgeons. This is a high incidence of supplementation, but was often instigated by the surgeon and not always thought necessary by the anaesthetist. Fifteen patients received lignocaine 0.5% in increments ranging from 0.5 to 24 ml (the mean supplement dose was 0.7 mg/kg lignocaine). Early in the study, before lignocaine became the standard supplementation agent, three patients received procaine 2% and one had prilocaine supplementation. Neither of these agents affect the lignocaine assay. Supplementation with lignocaine caused some small increases in blood levels in a few patients but remained well below toxic levels.
In this study, three patients required conversion to general anaesthesia. All three had become restless and uncooperative due mainly to feelings of claustrophobia. In each case, lignocaine concentrations were below 6 Ilg/ml at the time of conversion, and thought not to be implicated in the restlessness. Two received relaxant general anaesthesia with endotracheal intubation, and one had a bolus of thiopentone followed by nitrous oxide and oxygen via face mask. The incidence of conversion to general anaesthesia in this study (10.7%) is unusually high, as our overall experience of 250 cases includes a total of only five conversions (2%). Apart from these three patients, all others remained alert and cooperative for 
DISCUSSION
Our previously published audit l shows that regional anaesthesia for carotid endarterectomy is a satisfactory technique with good patient acceptance and outcome.
Comparison of this study with previous ones looking at local anaesthetic levels and toxicity4,5,8.l3 is difficult because of differences in types of block, agents and doses used, presence or absence of co-existing general anaesthesia, methods of sampling and measuring techniques, However, it seems that there is no documentation oflignocaine concentrations following cervical plexus blockade, and the highest lignocaine levels previously measured have been obtained following bilateral intercostal block. Braid l2 found a mean peak venous lignocaine concentration of 528 +J.g/ml after intercostal nerve block with 20 ml of lignocaine 2% and adrenaline 1: 100,000, and 6.48 Ilg/ml without adrenaline.
Bupivacaine levels following cervical plexus blockade have been studied previously. Venous bupivacaine levels were measured by Neill et a/. 4 following bilateral cervical plexus and Vth cranial nerve blockade for head and neck surgery. Their blocks were performed following general anaesthesia, using doses higher than the manufacturer's recommendation of 2 mg/kg, and several concentrations above 5 Ilg/ml were achieved. This is a concentration associated with toxicity.9,l3 However, no patient showed any evidence of this, presumably partly attributable to the effect of general anaesthesia.
Arterial bupivacaine concentrations were measured by Debaene et al. 5 following unilateral cervical plexus blockade for carotid endarterectomy in awake patients but they used a standard dose of 18 ml 0.5% bupivacaine with 1 :200,000 adrenaline for the deep block and then changed to 10 ml 2% lignocaine for the superficial block. The peak levels achieved with this technique were relatively low (1.62±0.57 ~g/m1).
In our study we measured arterial levels oflocal anaesthetic and not venous levels. Arterial levels are higher than corresponding venous levels,lo and reflect better the drug levels in the well perfused vital organs, and hence relate better to toxicity. All our peak lignocaine levels occurred within ten minutes of completion of the cervical plexus block, with a mean peak level of 5.0 ~g/ml. When the one unusually high result of 16. 9 ~g/ml is excluded, the mean peak level equals 4.6 ~g/ml and this is really more representative of our overall results. Calculation of furtherpharmacokineticdata such as half-life was not considered worthwhile as we only sampled for 120 minutes, and arterial lignocaine concentrations were still often maintained at the end of this time· by on-going absorption and further surgical infiltration. The close proximity of the vertebral artery and the vascularity of the area must always be remembered and any aspiration of blood during the block necessitates re-positioning of the needle.
The degree to which premedication and sedation provide protection from the cerebral effects of lignocaine is not known. It does seem though that our patients regularly tolerate concentrations in the 5-7 J.1g/ml range without any evidence of toxicity.
We choose a combination of both deep and superficial cervical plexus blockade to ensure a maximum success rate, even though it requires higher dosages than either one alone. We use adrenaline with the local anaesthetic to minimise systemic absorption. Even so, patients often still require supplementation. 1 Stimulation of the hypoglossal nerve, diathermy discomfort, and high retraction under the mandible are not covered by the cervical plexus block and this can be problematic and requires maximal surgical cooperation. The carotid sheath occasionally requires direct infiltration with local anaesthesia by the surgeon, due to its variable autonomic innervation.
Unfortunately, our conversion rate to general anaesthesia was high (10.7%) compared with our overall experience of the technique (2% conversion) and to other studies. It is interesting to note that a lignocaine concentration of 16.9 ~g/ml caused no untoward sequelae in one premedicated patient, and that cervical plexus block can be repeated three hours later with no evidence of lignocaine toxicity.
In conclusion we find that despite the use of a moderately high lignocaine dose of 6 mg/kg for cervical plexus block, and frequent supplementation by surgeons, lignocaine toxicity has not emerged as a problem.
